Oxygen and carbon isotopic data for 13 planktonic foraminifers from the Miocene of DSDP Site 289 strongly support the idea that the species have a preferred depth habitat and that their depth relationships remained largely unchanged during the Miocene. However, the relative depth rankings of Globorotalia (Menardella) menardii and Globorotalia (Menardella) limbata changed from deep to intermediate and from deep to shallow, respectively, during the late Miocene between ~9.9 and 7.5 Ma.
INTRODUCTION
The primary purpose of this contribution is to present oxygen and carbon isotopic data for Miocene planktonic foraminifers from DSDP Site 289. A full discussion of the data is provided in Gasperi and Kennett (in press ), which did not include the data, however, because of space limitations. The purposes of the study were to (1) establish relative rankings of species based upon δ 18 θ andδ' 3 C isotopic values, (2) determine how consistent these rankings were throughout the Miocene, and (3) identify the taxa, if any, that exhibit significant changes in rankings during the Miocene.
Modern planktonic foraminifers are depth stratified within the water column, their calcite tests commonly exhibiting oxygen and carbon isotopic compositional differences related to depth differences. The identification of depth stratification in fossil assemblages of planktonic foraminifers is useful in the study of the evolution of structure in the upper parts of the ocean. Previous studies of depth stratification among fossil planktonic foraminifers that have used δ 18 θ values to establish depth rankings include Douglas and Savin (1978) , Keller (1985) , Savin et al. (1985) , and Barrera et al. (1985) . Berger et al. (1978) established a depth habitat ranking for latest Quaternary planktonic foraminiferal species from the Ontong Java Plateau.
METHODS
Sediment samples were washed with deionized water over a 74-µm sieve and the fine fraction was saved. Planktonic foraminifers were picked from the >250-µm fraction if they were well preserved and present in sufficient numbers for isotopic analysis. The taxonomy of the planktonic foraminifers used in this study follows Kennett and Srinivasan (1983) . Twenty-three of the most abundant species of planktonic foraminifers were picked from 51 samples at DSDP Site 289 for isotopic analysis. Picked samples were washed in methanol, sonified, and dried before being roasted under vacuum for 1 hr at 375 °C. For each species, 10-40 individuals (depending on mass) were run for isotopic analysis.
Isotopic analyses were conducted using a Finnigan Mat 251 mass spectrometer equipped with an automated carousel device located at the University of California, Santa Barbara. Values are given in delta notation as per mil deviations of the 18 O/ 16 O or 13 C/ 12 C ratio of the sample from that of the PDB standard. Isotopic analyses were related to PDB through repeated analyses of NBS-20 with values following Craig (1957) = -4.14‰ and δ 13 C = -1.06‰. Measurement of oxygen and carbon isotopic ratios have an analytical precision of ±0. l‰.
The stratigraphic ranges of nine of the measured species are very restricted and the data are not included in this report. Also, the isotopic values of Globigerinita glutinata are highly variable and also are not included. The remaining 13 species are abundant and exhibit sufficiently long stratigraphic ranges for comparative studies (Tables 1 and 2 ).
STRATIGRAPHY AND CHRONOLOGY
The age model developed for DSDP Site 289 is based on paleomagnetically dated planktonic foraminiferal and calcareous nannofossil datum levels as compiled by Johnson and Nigrini (1985) . The chronology follows the time scale of Berggren et al. (1985) whereby paleomagnetic Anomaly 5 is correlated with paleomagnetic Chron 11. The foraminiferal datums are compiled from Shipboard Scientific Party (1975) and Srinivasan and Kennett (1981a, 1981b) , ages from Keller (1980) , Berggren et al. (1985) , and Barron et al. (1985) , and magnetostratigraphic calibrations from Shipboard Scientific Party (1975), Keigwin(1982) , Ryan etal. (1974 ), Miller etal. (1985 , Poore et al. (1983) , Berggren et al. (1983) , and Barron et al. (1985) . The calcareous nannofossil datums are compiled from Bukry (1975) and Shafik (1975) , ages from Berggren et al. (1985) and Barron et al. (1985) , and magnetostratigraphic calibrations from Haq et al. (1980) and Miller etal. (1985) .
Samples from Site 289 were taken every 5-10 m between 571 and 201 m below the seafloor (mbsf; Table 2), representing time intervals between 1 and 5 × 10 5 yr. Table 2 shows the sample number, depth (m), and age (Ma) of each of the 51 Miocene samples used in this study that range between -18.7 and 5.8 Ma.
RESULTS AND DISCUSSION
Depth rankings (Table 1) have been determined for 13 Miocene (~ 18.7-5.8 Ma) planktonic foraminiferal species from the western equatorial Pacific (DSDP Site 289; Ontong Java Plateau; 2206 m present-day water depth; 2389 m paleowater depth at -22 Ma) based upon more than 600 oxygen and carbon isotopic analyses of their shells (Table 2) .
Depth rankings based upon the carbon isotopic data do not always agree with those inferred from the oxygen isotopic data. The distribution of the oxygen isotopic data suggests that, as with modern species, no significant disequilibrium fractionation of the oxygen isotopes existed during calcification of any species. Thus, the discrepancies would appear to be a result of disequilibrium in the carbon isotopes. We propose that five inferred shallow-dwelling, spinose . The isotopic depth ranking was established based upon a number of assumptions: (I) each species calcified its test in isotopic equilibrium; (2) water temperatures are highest at the surface and decrease with depth; (3) oxygen isotopic fractionation is temperature dependent so that shallower dwelling species have lower δ O values relative to deeper dwelling species; and (4) carbon isotopic values in planktonic foraminifers change vertically in the upper part of the water column, such that δ C values are higher in surface waters because of the higher biological productivity and decrease with depth as respiration and decay of organic matter recycles i: C-rich CO, back into the water. Thus, species were ranked using (1) their relative oxygen isotopic values from lowest (shallow) to highest (deep), and (2) their relative carbon isotopic values from highest (shallow) to lowest (deep). However, much variability exists in the oxygen and carbon isotopic rankings of species between individual samples (Table 2) . See Gasperi and Kennelt (1992) for details.
species with high δ 13 C values (Globigerinoides immaturus, Globigerinoides sacculifer, Globigerinoides obliquus, Dentoglobigerina altispira, and Globoquadrina baroemoenensis) were hosts to large concentrations of algal symbionts. Their photosynthetic activities led to carbon isotopic fractionation and relatively high δ 13 C values of the host calcite (Spero and Williams, 1988) . Depth rankings based upon δ 18 θ and δ 13 C values for all measured species would agree if the high carbon isotopic values exhibited by these five species resulted solely from metabolically related isotopic fractionation.
From -18.7 to 7.5 Ma, Globigerinoides obliquus, Globigerinoides sacculifer, Globorotalia {Jenkinsella) siakensis, Globorotalia {Jenkin-sella) mayeri, Dentoglobigerina altispira, Globoquadrina baroemoenensis, and Globigerinoides immaturus were shallow-dwelling forms that are inferred to have had either moderately weak depth stratification from shallower to deeper as listed, or record slight variations in seasonal (temperature) distributions. Deep-dwelling forms include Globoquadrina dehiscens, Globorotalia {Menardella) limbata, Globorotalia {Menardella) menardii, Globoquadrina venezuelana, and Globorotalia {Menardella) praemenardii. No inferred intermediate-dwelling forms were recognized. The latest Miocene interval from -7.5 to 5.8 Ma marks a change in depth distribution of the Globorotalia {Menardella) group and the appearance for the first time of intermediate-dwelling forms. During this interval, shallow-dwelling forms include Globigerinoides obliquus, Globigerinoides sacculifer, Dentoglobigerina altispira, Globoquadrina baroemoenensis, Globorotalia {Menardella) limbata, and Globigerinoides immaturus. Intermediate-dwelling forms were Globorotalia {Menardella) menardii and Globorotalia {Globorotalia) merotumida, whereas Globoquadrina venezuelana was a deep-dwelling form.
The isotopic data for individual species strongly supports the idea that planktonic foraminifers have a preferred depth habitat and that their depth relationships remained largely unchanged during the Miocene. However, the relative depth rankings of Globorotalia (Menardella) menardii and Globorotalia (Menardella) limbata changed from deep to intermediate and from deep to shallow, respectively, during the late Miocene between -9.9 and 7.5 Ma.
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